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With  the possibility of cultivating whole organs in the Lindbergh 
apparatus (1) a  new field in experimental biology has been opened up. 
During the last year numerous experiments with culture of the isolated 
thyroid gland have been carried out in this laboratory.  The technique 
of operation and cultivation has been described in a previous paper (2). 
The present report deals with the morphological findings in more than 
a  hundred  cat  and  rabbit  thyroids which  have  been  cultivated for 
various lengths of time. 
Technical 
The animals were etherized and the thyroid gland dissected and inserted into 
the organ chamber of the Lindbergh apparatus as described by Carrel (2).  Either 
the right lobe was isolated for cultivation, while the left lobe was saved for imme- 
diate histological  cultivation; or both lobes were dissected and cultivated sepa- 
rately.  Generally, the culture medium contained 20 per cent homologous serum 
diluted with giueose-Tyrode solution; 5 rag. per cent phenol red was added as 
indicator.  In many cases 40 per cent serum was used.  As soon as the perfusion 
was  stopped,  the glands  were removed and fixed for histological  examination. 
Maximov's Zenker-formol solution was used as the standard method for fixation. 
The material was embedded in paraffin, cut in short series at'5 microns and stained 
with hematoxylin-eosin,  Heidenhain's iron-hematoxylin and sometimes Bensley's 
and Masson's stains.  In a number of cases small pieces were fixed and saturated 
according to the Ludford modification of the Mann-Kopsch osmic acid technique. 
The Da Fano silver impregnation has been utilized but did not prove satisfactory. 
Effects of Perfusion on the  Thyroid Epithelium 
During  cultivation  the  thyroid  gland  does  not  show  appreciable 
macroscopical changes,  provided the  circulation is kept at  a  normal 
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rate and no accidents occur.  In the areolar connective tissue which 
envelops the gland, a  considerable edema may develop due to oozing 
collaterals; but neither does this seem to affect the gland, nor is it 
accompanied by any edematous state of the thyroid tissue itself. 
Microscopically, the gland may remain normal or show areas in 
which the cells are shrunken, the nuclei pycnotic and the general aspect 
that  of a  necrobiotic state  of the tissue.  Such alterations are not 
uncommon.  They may appear only as small spots, or they may take 
up a  considerable part of the total amount of parenchyma.  In the 
more extensive form, this condition is, however, of exceptional occur- 
rence.  We have not been able to  trace the cause of the damaged 
state of small areas of the tissue.  It is possible that minute particles 
or  small  air  bubbles  which have been able  to  pass  the filters,  are 
responsible for the appearance of such degenerated spots by causing 
small emboli.  Anyway, the presence of such partial alterations does 
not seem to influence the morphology of the remaining tissue. 
In our attempt to describe the histological and cytological aspect of 
thyroid  glands  after  cultivation,  we  have  found  it  convenient  to 
arrange  the material in  groups:  glands  cultivated for less  than  24 
hours; glands cultivated for 24 to 48 hours; glands cultivated for about 
1 week; and glands cultivated for more than 1 week. 
Cultivation for only a few hours will not bring about variations in 
the form and size of the thyroid vesicles.  The colloid is as a rule not 
affected, its stainability and density remain unaltered and the number 
and size of vacuoles are practically the same as in the control glands. 
The cells in some vesicles may show a  very slight swelling, but this 
is by no means a  constant finding.  As the structural aspect of the 
cytoplasm is essentially the same whether the duration of the experi- 
ment is 4 or 24 hours, we shall reserve the descriptions of these findings 
for the next group. 
In glands which have been cultivated over periods of between 24 
and 48 hours, the form and size of the vesicles is the same as in the 
control glands.  The colloid is of the same density and stainability, 
and  the  amount  of vacuolization  is  only  slightly  increased.  This 
change is,  however, not at  all constant and it is not present in all 
vesicles.  The vacuolization seems to  be less liable  to  occur in the 
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units.  The  epithelium  in  a  cultivated  gland  is  generally  slightly 
higher than in the control.  But again, this change is not taking place 
uniformly  throughout  the  parenchyma.  And  again,  the  smaller 
vesicles, and especially those in the central part of the gland, are more 
liable  to  show the reaction than are  the larger ones.  This cellular 
swelling is an increase in volume which is different from the edema- 
tous state which may precede cellular degeneration.  It is much more 
like the initial swelling of the thyroid cells which is observed during 
the first  stages of experimentally increased secretory activity.  Not 
all the thyroid cells along the periphery of any given vesicle show the 
TExT-FIG. 1. Vesicle from rabbit thyroid gland, perfused for 24 hours with 40 
per cent rabbit serum  in glucose-Tyrode solution, showing considerable swelling  of a 
single epithelial cell.  Osmic  impregnation; Heidenhain's iron-hematoxylin stain. 
same degree of swelling.  Most commonly, only a few cells wide apart 
will react; in vesicles where most of the cells are cuboidal or fiat, the 
contrast between the swollen clear cells and their more deeply stained 
neighbors may be very striking (Text-fig. 1). 
The mitochondria are either of the filamentous or of the short rod- 
like  type  (Fig.  6).  They  are  mostly  well  conserved  and  normally 
stainable  in  the  preparations  from  glands  cultivated  for  48 hours. 
The distribution and size correspond well with what is found in the 
uncultivated gland from the same animal.  The  Golgi apparatus  of 
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shape and its localization and general structure is the same as in the 
control glands (Fig. 3).  It is interesting to note that precisely in the 
type of swollen cells mentioned above,  the  Golgi  apparatus is  ex- 
panded and partially  disintegrated in  a  manner which closely re- 
sembles that which is observed during the first phase of stimulated 
activity of the thyroid cells.  The reticular material is much looser 
than usual and small fragments of the filaments--not granules--are 
floating in the clear swollen cytoplasm of the supranuclear region of 
the cell. 
The blood vessels and the mesenchyme do not show any sure signs 
of alterations due to perfusion during 1 or 2 days. 
Cultivation of the thyroid gland for about 1 week need not affect 
the general histology of the gland.  The size of the vesicles may show 
a  tendency to increase.  The colloid may show a  somewhat higher 
degree of vacuolization and, in some vesicles, a  different stainability 
compared with the lobe fixed immediately after the death of the ani- 
mal.  Generally,  the gland is in a  morphologically good condition. 
Cytological  examination  reveals,  however,  that  structural  changes 
have actually taken place during the experiment.  The mitochondria 
are mostly granular or indistinct, and the Golgi apparatus does not 
show a filamentous or reticular shape any longer; instead, an accumu- 
lation of osmiophile droplets is seen to coincide with the Golgi zone of 
the  cytoplasm.  It  seems as  if  the  finer cytoplasmatic structures 
gradually undergo degeneration during the last part of the week's 
perfusion.  It should be noted, however, that these changes do not 
interfere with the life of the cells; positive epithelial cultures can be 
obtained from thyroids perfused for  18  or  21  days.  Possibly the 
violent osmotic changes and the coagulation due to fixation are liable 
to cause more considerable disturbances in the cytoplasm exposed for 
several days to artificial and not entirely adequate nutritional condi- 
tions than is the case during the usual process of fixation in tissues 
taken immediately from the animal.  The blood vessels do not show 
sure signs of alterations.  But the mesenchyme may show signs of 
proliferation, the degree and type of which is, however, highly variable. 
Cultivation of the thyroid gland for several weeks is possible when 
the gland is transferred every week to another pump with a  fresh 
supply of perfusion fluid.  After 1  month,  the  thyroid tissue may ~D  OKK~LS  301 
retain the histological features of a  normal gland.  The epithelium 
seems to assume an aspect of inactivity, the cells are flattened, and 
the colloid may be very dense and abundant (Fig. 4).  The number 
of such experiments of long duration is, however, too small to enable 
us to put forward any complete statement of the morphology of this 
particular group. 
Because of the considerable variability of the structure of cat and 
rabbit  thyroid  glands,  both  lobes  should  always  be  matched in 
experiments with culture of the isolated gland; one side to be used 
for the experiment, the other as a control.  The fact that the process 
of perfusion is liable to bring about certain structural changes in the 
thyroid epithelium makes such an arrangement even more important. 
Effects of Stir~ulation on Isolated Thyroid Glands 
The process of cultivation, and especially changes in the composi- 
tion of the peffusion fluid (notably the admixture of certain substances 
to  the medium, as for example Witte's peptone), has  the effect of 
inducing to a more or less marked degree an increase and probably a 
stimulation of the secretory elements.  Biochemically, certain changes 
in the secretory activity can be detected.  The results of the iodine 
analysis of different glands and the corresponding perfusion fluids will 
be published later. 
As a  method of stimulating the thyroid cells under well known 
experimental conditions, we have utilized the thyro-stimulating factor 
from the anterior pituitary.  We have used the preparation of Collip, 
commercially prepared  by  Ayerst,  McKenna  and  Harrison.  The 
preparation was first tested on guinea pigs and we satisfied ourselves 
that a dose of 1 cc., injected subcutaneously, was able to release a very 
marked histological and cytological reaction in the thyroid gland of 
these  animals.  A  great  number of  cat  and  rabbit thyroid glands 
were then cultivated under various experimental conditions in order 
to observe the effect of the pituitary stimulation upon isolated thyroid 
glands.  Either the thyro-stimulating factor was added to the medium 
at the beginning of the experiment, or the gland was cultivated for 24 
hours and then the dose of thyro-stimulating factor was added.  Or 
else pituitary extract was added at once and then, after 24 hours, 
another dose was added to the medium.  The amounts utilized have 302  ctmTm~  OF WHOLE  ORGANS.  II 
been 1 to 2 cc.  The duration of the experiments has been from 3 hours 
to  6  days.  While one lobe has been cultivated for the experiment, 
the other lobe has always been perfused in another pump as a control. 
Generally, the response of the thyroid epithelium to the stimulation 
has been similar, if not identical, to that observed in the living animal. 
In the preparations from glands cultivated for 24 hours, in which the 
thyro-stimulating  factor  has  been  added  at  the  beginning  of  the 
experiment,  there is  a  considerable vacuolization of the  colloid,  its 
stainability is often diminished and the size of the vesicles seems to be 
TExT-FIG. 2.  Vesicle  from rabbit thyroid gland, perfused for 24 hours with 40 
per cent serum in glucose-Tyrode solution plus 0.8 per cent anterior pituitary 
extract, showing vacuolization of colloid, swelling  of epithelial cells and increase 
of  the  Golgi apparatus.  Osmic impregnation; Heidenhain's  iron-hematoxylin 
stain. 
slightly decreased.  There is, as a rule, a considerable swelling of the 
supranuclear regions of most of the thyroid cells (Fig. 5), and mitotic 
activity may be  observed  (Figs.  1  and  2).  The mitochondria are 
increased in  size  and  definitely filamentous.  The  Golgi  apparatus 
is increased in size and is often of a distinctly reticular shape.  Vacuoles 
appear both in the Golgi zone and in the basal regions of the epithelial 
cells (Text-fig. 2). 
There are, however, differences between the morphological aspect 
of pituitary thyro-stimulation during perfusion and the corresponding 
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is never so pronounced as in the gland in situ; the degree of the cellular 
response and the uniformity of the tissue affected is inferior in the case 
of the cultivated glands.  Next, there is a difference in time.  In the 
living animal the thyro-stimulation with the pituitary factor takes 
place very quickly, so that  the tremendous cytoplasmatlc swelling 
which is characteristif of the initial stage of the reabsorptive phase of 
thyroid activity,  occurs inside the  1st hour after  stimulation; and 
during the following hour the intense vacuolization and release of the 
colloid material is evident.  In the culture experiments, the cellular 
reactions may be comparatively slight, even 3  or 4  hours after the 
introduction of the thyro-stimulating factor.  6 to 8 or 10 hours later, 
the cellular stimulation is fairly well established.  The state of mor- 
phologically increased secretory activity is, as a rule, plainly evident 
during the  next  1  or  2  days.  Even in  experiments in  which the 
thyroid gland has been cultivated for 6 days, there may be a consider- 
able difference between the stimulated and the control gland.  But the 
reaction does at that time show a tendency to diminish.  Whether this 
is due to disappearance of the thyro-stimulating factor; whether it is a 
sign of exhaustion on the part of the thyroid cells; or whether the 
slowing down of the reaction is caused by an accumulation, in the 
medium, of active iodinized compounds, which in turn may react upon 
the  thyroid  epithelium and  thus  cause  a  differential  mechanism, 
antagonizing the action of the pituitary factor, cannot be determined 
at present.  Specially designed experiments are needed to elucidate 
this particular problem.  But there is a definite response to the thyro- 
stimulating pituitary factor on the part of the thyroid epithelium, 
and the reaction seems to be fundamentally the same as that observed 
in the living animal. 
CONCLUSIONS 
1.  During the 1st and 2nd day of cultivation of the whole thyroid 
gland in the Lindbergh apparatus, perfused by a medium containing 
20  or 40 per  cent homologous serum diluted with  glucose-Tyrode, 
the state of the thyroid epithelium remains histologically  normal and 
even the most delicate cytological details retain their normal aspect. 
2.  Cultivation over a period up to 6 days need not cause any serious 
histological  alteration  of  the  gland;  but  cytological  examination 304  CULTURE  OF WHOLE  ORGANS.  II 
reveals an increasingly damaged condition of the mitochondria and 
the Golgi apparatus.  These changes seem not to interfere with the 
life of the cells, however; epithelial culture from the perfused organs 
yields positive results. 
3.  The process of cultivation is liable to cause a slight morphological 
reaction in the thyroid epithelium, which resembles a feeble stimula- 
tion of the tissue. 
4.  Addition of the thyro-stimulating factor from the anterior pitui- 
tary  to  the  perfusion fluid  causes  a  stimulation of  the  cultivated 
thyroid epithelium which is comparable to, but not so marked as, the 
corresponding reaction in the living animal. 
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EXPLANATION OF PLATES 
PLAT~ 4 
FIO. 1.  Left thyroid gland from rabbit  (Experiment 428 L), perfused for 48 
hours with 40 per cent serum in glucose-Tyrode solution.  Plenty of colloid; prac- 
ticaUy no vacuolization; epithelial cells cuboidal.  Fixation: Zenker-formol solu- 
tion; Heidenhain's iron-hematoxylin stain.  X 700. 
FtG. 2.  Right thyroid gland from same rabbit as in Fig. 1; perfused for 48 hours 
with 40 per cent serum in glucose-Tyrode solution plus 0.8 per cent thyro-stimu- 
lating  factor.  Vacuolization of colloid;  hypertrophic epithelium  (note  mitotic 
figure);  mitochondria very distinct.  Fixation: Zenker-formol solution; Heiden- 
hain's iron-hematoxylin stain.  X 700. THE JOURNAL  OF  EXPERIMENTAL MEDICINE VOL.  66  P~TE4 
(Okkels: Culture  of whole organs.  II) PLATE 5 
FIG. 3.  Normal shape and size of Golgi apparatus in thyroid cells from a rabbit's 
gland cultivated for 24 hours in 40 per cent serum plus glucose-Tyrode solution. 
Osmic saturation (Ludford's modification).  ×  900. 
FIG. 4.  Right thyroid gland from cat (Experiment 367 L), perfused for 1 month 
with 40 per cent serum plus glucose-Tyrode solution.  Plenty of colloid; not much 
vacuolization; flattened epithelial cells.  The structure of the left gland, which was 
not cultivated, was that of a very active thyroid parenchyma, with small vesicles, 
highly vacuollzed colloid and low columnar epithelium.  Fixation: Zenker-formol 
solution; hematoxylin-eosin stain.  X 240. 
FIG. 5.  Vesicles from rabbit thyroid gland cultivated for 24 hours with 0.8 per 
cent  thyro-stimulating factor added  to the  perfusion  fluid.  Slight  reaction of 
epithelium;  swelling and vacuolization of the supranuclear  cytoplasm in a  few 
cells.  Fixation:  Mann-Kopsch  solution;  Heidenhain's  iron-hematoxylin  stain. 
X  900. 
FIG. 6.  Vesicles from rabbit thyroid gland cultivated for 24 hours with 0.8 per 
cent thyro-stimulating factor added to the perfusion fluid.  Considerable reaction 
with many swollen epithelial cells;  the  mitochondria  are  distinctly  filamentous 
(note the white arrow).  Technique and magnification as in Fig. 5. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL.  66  P~TE5 
(Okkel$:  Culture of whole organs. II) 